ABSTRACT The tilapia industry has grown significantly. Much waste is generated by the industry due to the fact that only the myomere muscles are removed and sold for human consumption. This portion constitutes approximately 36% of the entire fish, leaving 64% of the fish as waste lost during the various processing operations. This waste from the tilapia processing plant has the potential of being an alternative protein source in broiler rations. The objective of this study was to measure the effect of substituting different levels of tilapia byproduct meal (TBM) for soybean meal (SBM) in broiler diets. For the experiment 0, 10, 20, 30, 40, and 50% of the crude protein contributed by SBM in broiler diets was substituted with crude protein from TBM. A control and five levels of TBM were used in a corn-soybean-based
INTRODUCTION
High-quality fish meal is recognized by animal nutritionists as an excellent source of protein, energy, minerals, and vitamins. It has been a popular feed ingredient for poultry for many decades. Considerable data have been accumulated concerning the high biological value and use of fish meal as an ingredient for broiler diets.
The literature concerning the use of fish meal has been extensively reviewed (Robertson et al., 1940; Rhian, 1941; Atkinson and Couch, 1951; Heuser and Norris, 1951; Menge et al., 1952; Branion and Hill, 1953; Rosenburg et al., 1955; Almquist, 1957; Rasmussen et al., 1957; Rand et al., 1958; Hinners and Scott, 1960; Harms et al., 1961; Smith and Scott, 1964; Waldroup et al., 1965; Waldroup et al., 1967; Anderson et al., 1968; Warnick and Anderson, 1968; Rojas et al., 1969; Schumaier and McGinnis, 1969; Miller, 1970; Proudfoot et al., 1971; Harrison and Coates, 1972; Avila and Balloun, 1974; Wu et al., 1984; Hulan et al., 1988; and Hulan et al., 1989) .
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diet and fed to chicks from 0 to 42 d of age. Chicks were identified and randomly allocated in a randomized complete block design. Body weight, cumulative feed consumption, feed conversion ratio, and mortality were determined on a weekly basis. At processing, carcass weights and yields were determined on a prechilled basis. Results showed that chicks fed 10, 20, and 30% TBM had significantly (P < 0.05) higher BW and feed consumption and improved feed conversion from 14 to 28 d of age compared to the other treatments. No significant differences were found for the remaining 35 and 42 d BW, feed consumption, feed conversions, mortalities, or carcass weights or yields for any of the treatments. In conclusion, the results showed that TBM could be used in broiler diets for up to 50% of the crude protein contributed by SBM.
In commercial broiler diets, the amount of fish meal is usually limited due to the possibility of producing offflavors or odors in the meat . In certain areas or countries where large amounts of fish meal are produced, it may be economically feasible to use fish meal as the major protein supplement in the diet of broiler chicks.
The commercially available fish meals are made from different species of fish but are generally manufactured from two main types. These two types of fish differ in their abilities to store oil as well as where in the body oil is stored. The first type includes a group referred to as lean fish and includes such species as cod and haddock. In these species, the oil is stored primarily in the liver, whereas the flesh contains very little oil. The whole fish is not usually used as cod and haddock are favored for their fillets. Because the fillets are used for human consumption, the fish meals from these lean fish are principally from the offal remaining after filleting. This byproduct contains a high concentration of ash as the bony frames of previously filleted cod, haddocks, etc. are used. Fish meal from these species, better known as white fish Abbreviation Key: SBM = soybean meal; TBM = tilapia by-product meal. meals constitute only 10% of the fish meal production in the world.
The second type of fish used to manufacture fish meal stores oil in certain parts of the flesh. They are high-oil fish and are not prized for their fillets. They are commonly referred to as industrial fish. Such species as herring, menhaden, anchovy, pilchard, sardines, and mackerel fall in this category. Approximately 90% of the world fish meal production is from these high-oil species, and there is considerable variation in their composition. Fish meal is usually marketed at 65% crude protein, but this can vary from 57 to 77%, depending on the species of fish used.
Tilapia (Oreochromus niloticus) is a fresh water species originating from Africa and parts of the Middle East. Tilapia production has gained popularity over the past years due to the species fast growth, ease of reproduction, disease resistance, adaptability, and a firm but mild-flavored flesh. The tilapia industry has grown significantly. Much waste is generated by the industry because only the myomere muscles are removed and used commercially for human consumption. This portion constitutes approximately 36% of the entire fish, leaving the remaining 64% of the fish as waste lost during the various processing operations. However, in most cases, whole fish is used in the manufacturing of fish meal. By contrast, fish meal made from tilapia is a by-product of processing in which fillets have been removed for human consumption, as in the case of lean fish.
The purpose of this study was to determine the growth and feed conversion and other production parameters in broilers as a result of a replacement of part of the soybean meal in the diet with tilapia by-product meal.
MATERIALS AND METHODS
Prior to formulation, proximate analysis and other analyses (Table 1) were performed on samples of commercially available soybean meal (SBM; solvent extracted) and tilapia by-product meal (TBM) in accordance to the Association of Official Analytical Chemists (AOAC, 1990 ). An amino acid profile was determined by an amino acid analyzer cation exchanger (Table 1) . True metabolizable energy was estimated from values for fish meals of similar composition from the National Research Council (NRC, 1994) feed table for poultry.
One-day-old male Arbor Acres × Arbor Acres 2 chicks were received from a commercial hatchery and placed in an open-sided naturally ventilated broiler house using a daily photoperiod of 24 h light.
Each of the 24 pens (2 × 3 m) used contained 72 chicks that had been weighed individually and housed at a density of 12 birds/m 2 . Six treatments were randomly assigned in blocks. Four replicates or blocks containing each treatment were allocated to the 24 pens in a randomized 2 Arbor Acres, Glastonbury, CT. complete block design. Each pen was heated by an electric brooder and provided with nipple waterers and tube feeders. Experimental diets and water were provided ad libitum. The treatments consisted of substituting 0, 10, 20, 30, 40, and 50% of the crude protein contributed by the SBM in the control diet with crude protein from the TBM (Table 2) . Body weight, cumulative feed consumption, and feed conversion (feed:BW) were determined for each pen at 7, 14, 21, 28, 35, and 42 d of age. Mortality was recorded daily.
Carcass weights and percentages of carcass yield without giblets were determined prechill and were calculated by dividing carcass weight (without the liver, heart, gizzard, and neck) by live weight. A second experiment was conducted evaluating the same treatments and following the same procedures.
Statistical Analyses
Data from each trial were evaluated by ANOVA using the general linear models (GLM) procedure of SAS software (SAS Institute, 1991) . Preliminary ANOVA indicated a non-significant trial effect; therefore, the data from the two experiments were pooled. Percentage data were subjected to arc sine square root of the percentage transformation, and treatment means were separated by least significant difference. A probability of P < 0.05 was required for statements of significance. Means in rows with no common superscript differ significantly (P < 0.001).
RESULTS AND DISCUSSION
Replacement of SBM with TBM at various levels resulted in significant differences (P < 0.05) for BW, feed consumption, and feed conversion from 14 to 28 d of age (Table 3 ). Chicks fed 10 or 20% TBM had higher BW and feed consumption and improved feed conversions compared to other treatments. Schumaier and McGinnis (1969) reported that adding 4.8 to 12% additional protein from fish meal to a basal diet improved growth of chicks up to 30%. Scott et al. (1957) observed similar growth responses, but when using fish meal as the sole source of protein, chick growth was poorer. However, Harms et al. (1961) reported that 3% fish meal in practical broiler diets had no significant effect on the production parameters measured. Waldroup et al. (1965) obtained similar results when 25 to 50% of SBM protein was replaced with fish meal protein. Rojas et al. (1969) also reported no significant changes in BW, feed consumption, or feed efficiency when SBM was replaced at various levels with protein from Peruvian fish meal. Avila and Balloun (1974) found that different levels of anchovy meal in broiler diets had no significant effect on BW or feed efficiency, except when fish meal replaced all the soybean protein.
They found in their study that significant growth depressions were observed when 100% of soybean protein was replaced. Wu et al. (1984) fed four different hydrolyzed fish meals to broiler chicks up to 7 wk of age and observed no significant differences among treatments for live BW and feed conversion. Hulan et al. (1989) , using up to 12% red fish meal, found no significant effects on overall mortality or feed efficiency, but reductions in BW and feed consumption occured. During the remaining growing period (35 and 42 d) no significant differences were detected, including mortality, carcass weight, and carcass yield (Table 4) . Our results with TBM agree with those that show improvements in production parameters of broilers. Reported improvements in production parameters observed during the early stages of growth may be attributed to the crude protein that was being supplemented by a vegetable source now being replaced with a higher quality protein from an animal source. It is known, in general, that amino acid content and protein quality of animal protein sources tend to be superior to those of vegetable sources, Rosenfeld et al. (1997) .
Because of the cost, undesirable off-flavored meat (Carlson et al., 1957; Fry et al., 1965; Waldroup et al., 1965) and growth depression effects caused by a high level of fish meal in broiler diets, the inclusion of fish meal is usually limited. Although in the case of tilapia meal, costs are reduced because the meal is manufactured locally, exempting the additional costs of importation and handling.
Further studies with higher levels of TBM need to be conducted to determine what limit it could be used in broiler diets and if any off-odor or flavors would carry over into the broiler meat. In conclusion, TBM could partially replace the use of SBM in broiler diets without negatively affecting performance or carcass quality.
